In this study, the existence of heavy metals such as chromium (Cr) 
INTRODUCTION

Myriophyllum spicatum L. (Eurasian watermilfoil)
is a submerged perennial plant which is found naturally in the shallow water bodies whose depth is generally lower than 4.5 m in Europe, Asia and North Africa. It holds with its roots to the sediment in the water and its flowers grow afloat. Inflorescence and seed production are common. It can be found all the year round in the water (Aiken et al. 1979; Li et al. 2010 ). Water pollution is one of the serious environmental problems originated from the overpopulation, urbanization, industrialization and ignorance (Satya et al. 2011) . Unlike the organic materials, heavy metals which are considered as industrial contaminants do not degrade. Thus, they accumulate in the water, earth, deep sediment and in the living organisms. Contamination of the water with heavy metals is a serious concern in today's world (Miretzky et al. 2004) . In natural aquatic ecosystems, metals are normally at the levels varying from nanogram to microgram in a liter. Recently, heavy metals' exceeding the carrying capacity of waters has caused some problems with regards to aquatic ecosystem balance (Ndimele and Jimoh 2011) . In aquatic system, where the input of pollutants is not continuous and they are thus get diluted, the analysis of plant tissues provides information about the quality of the system (Baldantoni et al. 2005) . The use of macrophyte as biological indicator in monitoring the heavy metals has some advantages as they tolerate high concentrations of the heavy metals in the water their samplings are easy and individuals are big (Zhou et al. 2008 ). Due to their role as biological indicators for heavy metals and their capacity in refining the water from the contaminants, aquatic macrophytes have recently been a focus (Duman et al. 2009; Kara 2010; Fawzy et al. 2011) . In this study, the bioaccumulation of heavy metals such as Cr, As, Cd, Hg and Pb in the roots, stem and leaves of Myriophyllum spicatum which were collected from the Kadın Creek in seasonal periods were analyzed. The specific goals were (1) to determine the heavy metal concentrations in the water and in different organs, (2) to determine the plant organs, which showed the highest bioaccumulation and (3) to assess the effect of the seasons on heavy metal concentrations.
MATERIALS AND METHODS
Kadın Creek is a meandering aquatic ecosystem whose depth is 6 m in some parts and whose length is 1700 m (Fig. 1) . Water discharge in the outlet of Kadın Creek is approximately 700 L h -1 . It is fed by the little streams during its journey towards the sea (Yusufoglu 2010) . In the northern coast of the river, settlements are present. However, its southern coast is covered with the reeds and there are dense algae colonies in places. In addition to illegal waste disposal, excursion boats and fishing boats are significant causes of water pollution in this area (Demirak et al. 2011) . Also, boat repair and dyeing works were being carried out around the studied creek. Water quality parameters [Temperature, pH, Total Dissolved Solids (TDS), Dissolved Oxygen (DO) and Conductivity] in study area were determined with YSI 550 brand multiparameter. Water samples were taken from 10-15 cm under the surface water in seasonal periods into previously-washed 1 L-plastic containers and carried to laboratory in a freezer. The samples were filtered through membrane filter of pore size of 0.45 µm and acidified with nitric acid (65% Suprapur Merck) to pH<2.0. These samples were stored in the refrigerator at about 4˚C till the analysis. For the metals analysis, the samples were taken into 10 mL plastic acid-fast test tubes and determined by using ICP-MS (Agilent 7700x).
The concentrations of suspended particulate matter (SPM) in the water samples were measured by filtering water samples (~1.000 mL) through preweighed 0.45 µm paper filters. The filters were dried at 105°C for 12 h and weighed and the weight difference was used to calculate the amount of suspended particulate matter in the samples (Onderka and Pekárová 2008) . The samples of M. spicatum were collected between 2011 and 2012 seasonally with random sampling from the Kadın Creek. Sampling was made from three different stations where the plants densely existed. Study area is shown in the Figure  1 . The plants, which were botanized were put into polyethylene bags and taken to the laboratory. The lengths of the plants were between 20 and 23 cm. The samples of Eurasian watermilfoil, which were brought to laboratory were washed twice with distilled water (Human Power I Scholar UV trade marker water purification system) to clear them of periphyton and detritus. Then, its leaves stem and roots were dissected. Digestion process was carried out according to Sasmaz and Obek (2009) . The plant samples were dried at 103°C for 24 h and the ash contents were determined by heating at 480°C for 4 h. HCl (2.0 mL, suprapur, 30%, Merck), HNO 3 (2.0 mL, suprapur, 65%, Merck) and H 2 O 2 (2.0 mL, suprapur, 30%, Merck) were added to 1.0 g ash and the mixture was heated at 95°C hot plate for an hour. Then the overall volume was made to 50 mL with ultra pure water. Heavy metal concentrations in the solubilized plant organs were determined with inductively coupled plasma-mass spectroscopy (ICP-MS, Agilent 7700x). Calibration solutions were prepared with 10 mg L -1 mix element standard stock solution (AccuTrace MES-21-1) and 10 mg L -1 mercury standard stock solution (AccuTrace MES-21-HG-1). Correlation coefficient values of calibration curves for Cr, As, Cd, Hg, Pb were 0.999 or better.
Bioconcentration Factor
Bioconcentration of any chemical by aquatic organisms is described with bioconcentration factor (Phetsombat et al. 2006) . Bioconcentration factor (BCF) was calculated using the formula as below (Sadiq 1992) . BCF = Concentration of element in plant / Concentration of element in water
Validation of Method
Whole Eurasian watermilfoil samples were spiked with heavy metals (Cr, As, Cd, Hg and Pb) for the recovery repeatability tests. Ten homogenized blanks and ten homogenized spiked samples were digested and analyzed using ICP-MS. The results were 95.07% for Cr, 96.59% for As, 97.80% for Cd, 92.58% for Hg and 93.06% for Pb.
Data Analysis
Data analysis was carried out using the packaged SPSS software version 15.0 for statistical analysis and variance analysis. The relationship between the groups was determined with Tukey test. A level of 0.05 and 0.01 alpha were used to determine the significance and correlation, respectively. The significance was reported as p<0.05 and p<0.01 levels.
RESULTS AND DISCUSSION
The heavy metals were analyzed in 56 plant samples and 12 water samples. Water quality parameters determined during the study are shown in Table 1 .The results of the analysis obtained from plant sampled were shown at Table 2 . The distribution of elements by their concentrations in plant organs was as root > leaf > stem except chromium. The distribution of chromium was as root > stem > leaf. This might be because chromium showed low mobility ability in its transport from the root to green parts of the plant (Shewry and Peterson 1974) . The p alfa values between the plant organs for the heavy metals are presented in Table 3 . There was a statistically significant difference between the root and stem and between the leaf and root arsenic, cadmium and lead (p<0.05). While there was a statistically significant difference between the root and stem for mercury (p<0.05), there was not any statistically significant difference for chromium in plant organs (p>0.05). Also, none of the studied heavy metals showed any statistically significant difference with regard to their distribution between the leaf and stem (p>0.05). The analyses of the seasonal distributions of heavy metals in the organs were showed a statistically significant difference for all the heavy metals in the root (p=0.253, p=0.111; p<0.05) and also in the leaves and stem except for mercury (p<0.05). Guilizzoni (1991) observed that the heavy metals in the plants showed seasonal changes. In this study, the studied heavy metals underwent seasonal change and there was an increase in heavy metal concentrations generally in spring. The reason was that spring growth was characterized by a rapid uptake of nutrients and trace elements (Duman et al. 2006 ). Grudnik (2010) found similar results as of this study that the concentrations of heavy metals such as Cr, As and Pb in M. spicatum plant were more in spring than any other season. According to BCF data, the uptake order of heavy metals in the whole plant was As > Cr > Pb > Hg > Cd. The BCF values are shown in Figure 2 . Results of heavy metal analysis of waters are shown in Table 4 . The mean heavy metal concentrations in the water could be arranged in order as Pb > Cr > As > Hg > Cd. Seasonal distribution of all the heavy metals in the water showed statistically significant difference (p<0.05). (Sklodowski et al. 2006; Balkis et al. 2010) . In this study, as shown in Figure 3 ; when suspended solid matter increased, the amount of heavy metal in the root, stem and leaf decreased, or vice versa. In other words, there was a strong negative correlation between the suspended solid matter in the water and heavy metal concentrations in the plant tissues. The highest negative correlation was in the roots and correlation coefficients were as -0.993, -0.996, -0.998 and -0.997 (p<0.01) for the winter, spring, summer and autumn, respectively. The mean lead concentrations obtained from the stem and the leaves of the plant were 61.50 and 59.63 mg kg -1 , respectively. The mean cadmium concentrations were 0.81 and 1.81 mg kg -1 , respectively. The mean lead (stem 3.05, leaf 6.25 mg kg -1 ) and cadmium (stem 0.04, leaf 0.06 mg kg -1 ) concentrations obtained from the stem and the leaves of the plant in this study were considerably less than the lead and cadmium values measured in the plants, which were collected from the River Porsuk. A study on cadmium biosorption ability of species M. spicatum and M. triphyllum was researched, it showed that both of the species could bioaccumulate cadmium effectively (Sivaci et al. 2004) . In another study, M. spicatum showed the accumulation of lead from water and the maximum adsorption 46.49 mg kg -1 (Keskinkan et al. 2003) . The lead adsorption capasities of M. spicatum and Ceratophyllum demersum were compared and it was observed that M. spicatum had better adsorption capacity than C. demarsum (Keskinkan et al. 2007 ). In a study in which cadmium and lead bioaccumulation in Salvinia cucullata plant was analyzed, it was seen that the contents of cadmium and chromium were much more in the roots than in the leaves, as found in this study (Phetsombat et al. 2006) . Samecka-Cymerman and Kempers (2004) studied the toxic metals in the species of M. spicatum and Potamogeton pectinatus near a copper casting facility in Legnica, Poland. Considering the highest metal concentrations they obtained, it was found that cadmium and lead were in the higher concentrations in M. spicatum and chromium was in the higher concentration in P. pectinatus (cadmium: M. spicatum 8.8 mg kg -1 , P. pectinatus 1.5 mg kg -1 ; lead: M. spicatum 850 mg kg -1 , P. pectinatus 237 mg kg -1 ; chromium: M. spicatum 1.9 mg kg -1 , P. pectinatus 2.7 mg kg -1 ). The stems of the plants showed considerably higher chromium, cadmium and lead (5.34, 0.04, 3.05 mg kg -1 respectively) than the results obtained from the stem in this study. Baldantoni et al. (2011) analyzed the distribution of chromium in two aquatic plants (Phragmites communis and Najas marina). They found higher chromium concentrations in the roots than in the green parts of the plant, as in this study. Arsenic, one of the deadly toxic elements, is widely distributed in the aquatic systems. In addition, the agricultural and industrial effluent discharges also cause arsenic contamination in natural waters (Azizur Rahman and Hasegawa 2011) . Li et al. (2011) studied on arsenic uptake in aquatic plants and they deduced that arsenic was present in order as root tissue > root surface > stem tissue and the highest arsenic accumulation rate was found in the root. This study also found the highest arsenic concentration (15.30 mg kg -1 ) in the root and the lowest arsenic concentration (0.32 mg kg -1 ) in the stem. Robinson et al. (2005) detected 2960 mg kg -1 arsenic in M. propinquum., which was much higher than the highest concentration obtained in this study. Thompson-Roberts et al. (1999) Fontanella et al. (2009) in the Lake Candia (Italy) was notably lower than the mercury values obtained in this study. Soto et al. (2011) found that mercury concentration in submerged species (M. spicatum and Ceratophyllum demersum) was at least 40 times more than mercury concentration in the contaminated area. Similarly, mercury concentration in the root of the plant was 2269.23 (biological concentration factor) times more than in the water in this study.
CONCLUSION
The heavy metals were distributed in different organs in the plant in different amounts. The highest heavy metal accumulation was in the roots and the lowest accumulation was in the stem (root > leaf > stem). However, for chromium the order was as root > stem > leaf. There was an efficient negative correlation between the SSM and heavy metal levels in the different parts of plant in each season. The heavy metal bioaccumulation in the plant was maximum in spring, because plant development accelerated in spring and nutrient/metal uptake also increased. Heavy metals' order for the BCF values were as As > Cr > Pb > Hg > Cd in the Kadın Creek. The plant accumulated arsenic in the water particularly in its roots. Thus, M. spicatum could be used effectively as a bioindicator in monitoring the water quality biologically in terms of heavy metals.
